How effective was Quantitative Easing 3 (QE3) in stimulating business investment? Although the link between the financial market and the business sector is often discussed, the precise numerical relationship between financial and business investment is not well understood. In this paper, the "Investment Realization Ratio" is devised for the purpose of elucidating this relationship by quantifying the percentage of funds entering into the financial market that actually translates into business investment. We estimate that the amount of business investment stimulated by QE3 is only a fraction of the amount of bonds purchased by the Fed; this fraction is called the "Investment Realization Ratio." 4 The
Introduction
The financial markets provide most of the funds to business for acquisition of productive assets such as new plants and equipment, generally referred to as business investment. The link between financial investment and business investment is an important topic which is widely discussed. However, the precise quantitative relationship between the funds channeled into the financial market and the amount spent on business investment is not well understood -not that it is intrinsically complex, but because there is a lack of a model which could illustrate this relationship in a straightforward manner. As a result, the relationship between 'Main Street' where production occurs and 'Wall Street' where financial deals are made remains a mystery to many.
Consider the following example. If the Federal Reserve infuses $100 million into the financial market by purchasing $100 million of Treasury bonds, then the government would need to borrow $100 million less from households, leaving $100 million more available for business loans. Does this imply that business investment will rise by $100 million? This is a basic and important question with implications for monetary policy.
In this paper, we devise the "Investment Realization Ratio" to quantify the degree of responsiveness of business investment to changes in funds flowing into the financial market. The ratio quantifies the relationship between business investment and financial investment by providing a straightforward measure of the amount of financial investment which actually translates into business investment.
Prior Literature
The Federal Reserve's conventional monetary policy targets the level of short-term interest rates through the purchase or sale of short-term Treasury securities. In response to the recent financial crisis, the Fed lowered the target Federal Funds rate from 5.25% to near zero. To stimulate the economy while faced with a "zero lower bound," the Fed then adopted Quantitative Easing (QE) as an aggressive expansion of monetary policy. Also referred to as Large-Scale Asset Purchases (LSAPs), QE involves the Fed's purchase of longer-term securities to lower long-term interest rates and to increase lending, the goal of which is to increase investment and thus employment, thereby stimulating the economy. Since the Fed pays excess reserves to banks in exchange for long-term mortgage-backed securities, one effect of QE was a significant increase in U.S. bank excess reserves (Investment implications of an 'activist ' Federal Reserve, 2013) .
QE was initiated in November 2008 during the peak of the financial crisis when the Federal Reserve began purchasing $600 billion in mortgage-backed securities. This action was later suspended but resumed in November 2010 with the purchase of $600 billion in Treasury securities through the second quarter of 2011 when the U.S. economy was not growing as hoped. Since this was considered the second round, it became known as QE2. In September 2013, the Federal Reserve announced an open-ended purchase of mortgage-backed securities that became known as QE3. Due to improvement in the financial markets and employment data, QE3 was gradually tapered during 2014 and finally ended in October 2014.
According to Bernanke in a 2009 speech, "the idea behind quantitative easing is to provide banks with substantial excess liquidity in the hope that they will choose to use some part of that liquidity to make loans or buy other assets. Such purchases should in principle both raise asset prices and increase the growth of broad measures of money, which may in turn induce households and businesses to buy non-money assets or to spend more on goods and services." The extent to which QE achieved this objective, however, is debatable. Unlike the literature on conventional monetary policy, there is relatively little research on the effects of QE on investment in the United States.
Several empirical studies find that QE has been associated with increases in both GDP growth and inflation, with estimates of GDP growth increases ranging from 0.1% to 8.0% (Baumeister and Benati, 2010; Fuhrer and Olivei, 2011; . However, other research questions the effectiveness of QE. Hall (2013) points to the slow economic recovery to conclude that "both quantitative easing and forward guidance, as implemented by the Fed, are obviously weak instruments." In his commentary to Hall's research, Shin notes that total credit to U.S. non-financial businesses, which rely on bank financing, has been "essentially stagnant." Krishnamurthy and Vissing-Jorgensen (2013) find that QE has had little "portfolio balance" effects on other interest rates and was not macro-stimulus. "A limited benefit did result from mortgage-backed securities purchases due to the announcement effects, but even this small plus may be erased once the still unknown exit costs are included."
While prior research has explored the effects of QE on various macro variables, the key question that we address is whether the higher financial investment associated with QE increases business investment, and if so, by how much. According to Dobbs et al. (2013) , although near-zero interest rates increased U.K. and U.S. corporate profits by 5% in 2012, "this has not translated into higher investment, possibly as a result of uncertainty about the strength of the economic recovery, as well as tighter lending standards." Net private non-residential investment in the U.S. actually fell by 80% as a % of GDP between 2007 and 2009, and U.S. Business Investment is still at its lowest level as a share of GDP since 1947.
A December 2012 Citi Market Outlook study supports this view, showing a downward trend in Capex/Sales ratios for publicly-traded companies worldwide over the past decade, where the Capex/Sales ratio is equal to Capital Expenditure (total investment spending on plant and equipment) as a percent of Sales Revenue. While QE succeeded in reducing the interest rates paid by corporate borrowers leading to an increase in issuances, "this burst of issuance does not seem to reflect a confident corporate sector borrowing heavily to fund expansionary capex. Rather, CEOs seem to have used this money to refinance old debts." In fact, the authors argue that "at the margin, current valuations encourage CEOs to distribute through buybacks or dividends. They discourage capex and job creation" (Is Quantitative Easing Working?, 2012).Finally, the 2012 Duke University / CFO Magazine Global Business Outlook Survey provides further evidence that QE may not significantly affect business investment. Six hundred and sixty seven CFOs responded to several questions designed to assess the sensitivity of capital spending to interest rate changes. In response to the question, "By how much would your borrowing costs have to decrease to cause you to initiate, accelerate or increase investment projects in the next year?," only 3.0% (5.7%) would initiate, accelerate or increase investment given a 50 (100) basis point reduction in borrowing costs. The survey results suggest that planned capital expenditure is insensitive to interest rate changes and paints a bleak picture of the effectiveness of QE. One CFO offered the following explanation: "Interest rates (are) already at historic lows. It's not high interest rates that are holding us back, but uncertainty about federal policies and loss of financial wealth of our customers."
Since most business investment, such as investment in plant and equipment, is long term in nature, long-term interest rates are more relevant to the business decision-making process. And since QE focuses on the purchase of long-term bonds, it is expected to have a significant effect on long-term interest rates, which should in turn influence the level of capital expenditure taken on by firms.
Preliminary evidence, however, suggests that only a portion of the financial investment created by QE translates to business investment. The key contribution of this paper is the development of the "Investment Realization Ratio" to quantify the percent of funds entering into the financial market that actually translates to business investment.
Market Accounting Equations
To derive the ratio for measuring the percentage of funds in the financial market which actually filters through to the business investment sector, we first set up two accounting equations, one for the financial market sector, and another for the business investment sector:
where FT = total demand for financial investment FE = external financing obtained by business for investment
FG = financial instrument issued by government
Since the sum of FE and FG represents the total supply of financial investment, (1) states that the demand of financial investment equals the supply at equilibrium. Equilibrium in the business investment sector is represented by
where IB = amount of business investment FE = same as in (1). Financial instruments issued by business (which represents the amount of business investment which is externally financed). FI = the amount of business investment financed internally, such as by retained earnings.
Accounting equations (1) and (2) represent the financial sector and the business investment sector, respectively. FE in (2) represents the amount of external financing obtained by business for investment, which involves securing funds from the financial market sector; thus, FE appears in (1) as well, where (1) represents the equality of demand and supply in the financial market sector. Note that the link between the financial sector (1) and the business investment sector (2) is through FE.
Solving for FE in (2), we get
The business investment sector can be integrated into the financial sector by substituting (3) into (1), which becomes the accounting equation that links the financial market sector to the business investment sector:
Equation (4) can be interpreted as the supply for financial assets and it is the base equation from which the Investment Realization Ratio will be developed.
Deriving the Investment Realization Ratio
For ease of illustration, we assume that the demand for FT is a linear function of numerous factors, such as the interest rate, disposable income, tax rates, etc. (5) is positive since demand for financial assets should increase as the interest rate increases. Since the interest rate is determined by supply and demand of financial assets in the financial market, it is an endogenous variable. Thus, interest rate and its coefficient are expressed as a separate term from the other exogenous factors in the linear demand function of FT which is not immediately affected by Fed policy.
Similarly, the demand for business investment by business is specified to be a linear function of interest rate and other exogenous variable such as tax rates, depreciation rates, etc.
where X i 's represent all other exogenous variables which remain constant with respect to Fed policy in the short-term. B represents the coefficient for r which quantifies the impact of interest rate change on business investment (IB). B is positive, and A is a constant which has no bearing on the derivative since the focus of this paper is on the change or impact. Nevertheless, A can be interpreted as the level of business investment that would be taken when the interest rate is zero.
By substituting the demand for financial investment in (5) and the demand for business investment in (6) into (4), business investment is incorporated into the financial market equilibrium:
where the left-hand side of (7) represents the demand for FT and the right-hand side represents the supply. The demand and supply of financial investment (FT), as represented in (7), determine the market interest rate, which can be solved alone:
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For the purpose of illustrating how funds flowing into the financial market are transmitted into the business investment sector, the Fed's purchase of bonds may be used as an example. To see how funds infused by the Fed affect the interest rate, we can differentiate the equilibrium interest rate in (8) with respect to FED. Before taking the derivative, it is important to understand what changes and what does not change in this model as FED is varied. The initial infusion of funds by the Fed, such as the purchase of Treasury bonds, increases the demand for financial investment, which would raise security prices and lower interest rates, thus enhancing incentives for business to undertake additional business investment.
It is expected that some exogenous variables in (5) and (6), after the initial round, might also be affected by Fed stimulus. For example, real disposable income might eventually rise as a result of the increase in business investment which augments the capital stock and increases productivity. But this would occur after business investment has changed. And since the purpose of this model is to measure the initial impact of monetary policy on business investment, the assumption that the other variables remain constant in the initial round is reasonable in this context.
As the other exogenous variables remain constant during the initial round, the partial derivative of (8) with respect to FED, which captures the effect of Open Market Operations on interest rate is:
Since B and b are both positive, the value in (9) is negative, indicating that monetary expansion (through purchase of bonds by the Fed) will lower interest rates, as expected. Ultimately, however, we want to analyze the effect of Open Market Operations on business investment, which can be accomplished by taking the derivative of business investment with respect to FED. And since the effectiveness of Open Market Operations in enhancing incentives for business to invest depends partly on the magnitude of the decline in the interest rate, we can write: IB/FED = IB/r r/FED (10) As indicated by the two terms on the right-hand side of (10), two hurdles must be cleared before funds entering into the financial market can be translated into capital expenditure. First, funds infused into the financial market must be sufficient to raise security prices or lower interest rates. Second, business investment decisions must be responsive to the decline in interest rate.
The first term on the RHS of (10) is the change in IB with respect to r, which can be derived by taking the derivative of (6) with respect to r:
Substituting (9) and (11) into (10) 
The parameters B and b in (12) are actually coefficients or partial derivatives of the linear functions (5) and (6). These partials can be transformed into elasticity terms, which can be written as: 
Note that E and e are the counterparts of the coefficients B and b in percentage terms; they represent the elasticity of business investment and the elasticity of demand for financial investment with respect to interest rate, respectively. Multiplying r/IB by both the numerator and the denominator in (12), and using (13) and (14), we get:
The derivative in (15) provides a quantitative measure of the effectiveness of Open Market Operations in generating new business investment, which we will call the "Investment Realization Ratio." As we will see, the ratio (15) must be less than 1. Thus, increasing Fed purchases of bonds, equity investments by individuals, or increasing funds in the financial market by other means, will not raise business investment by the same magnitude. This may be surprising to some students who might expect that the amount of increase in business investment will be the same as the increase in financial market funds. We note, however, that the impact of QE on real investment might not be immediate even though QE's effect on the interest rate is quite rapid. Decision makers in corporations need time to evaluate and discuss the profitability of an investment proposal in light of the lower interest rate before they can make a final decision.
Application
We use recent data to estimate the Investment Realization Ratio for 2013 and 2014.
We first estimate the Investment Realization Ratio using 2013 third quarter data. In a widely discussed paper, Boskin's estimate of the elasticity of consumption with respect to interest rate is -1.06. Based on this estimated elasticity and the aggregate data on savings and interest rate for 2013, we estimate the elasticity of savings with respect to interest rate (e) is 0.48 (see Appendix).
As indicated in Table 1 A key input, however, is the assumed elasticity of business investment with respect to interest rate (E). To date, a reliable estimate of this elasticity cannot be found from the current literature. A 2002 study of over 30,000 Italian firms finds the elasticity of capital with respect to cost of capital to be approximately -1. Lacking a reliable estimate based on U.S. data, we assumed E = -1 as a lower bound. However, the Duke University / CFO Magazine June 2012 Global Business Outlook Survey suggests that this elasticity might be greater than -1, and this would decrease the sensitivity of business investment to financial investment. Table 2 provides estimates of the Investment Realization Ratio for values of E ranging from -0.1 to -1.0. As expected, the estimate of the Investment Realization Ratio is sensitive to E, especially at higher levels of E.
The last column of Table 2 provides estimates of the increase in business investment due to QE in 2013. The total amount of QE in 2013 is $1,020 billion (= $85 billion per month multiplied by 12 months). The estimated amount of increase in business investment due to QE in 2013 (= $85 billion x 12 months x Investment Realization Ratio) ranges from $410 billion to $888 billion.
The Investment Realization Ratio applies not only for analyzing funds infused into the financial market via open market operations, but for analyzing funds infused through other means as well. For example, if banks loan out an additional $100 million due to a decrease in the discount rate, or because of a reduction in required reserves, then these amounts would also be considered additional funds entering into the financial market, which would lead to an increase of $70 million in aggregate capital expenditures if the Investment Realization Ratio is 0.7, for example.
One might wonder why business investment does not rise by the amount of the increase in funds contributed by the Fed or by individuals. This can be explained as follows. Under normal elasticity scenarios, increasing bond purchases by $100 million will not lower the interest rate enough to cause business to increase business investment by exactly $100 million. If the Investment Realization Ratio is 0.7, for example, then the interest rate will be reduced to a level such that the business investment would only increase by $70 million. Now, the next question is what happened to the other $30 million? The decline in interest rate would reduce the demand for financial investment in the private sector. At these levels of elasticities, households would decrease demand for financial investment by $30 million, thus generating a net increase in financial investment of $70 million.
One phenomenon to note here is that although the aggregate demand is equal to the sum of individual demands in absolute terms, the incremental demand by an institution or individual cannot be simply equated to the net incremental effect on the aggregate level.
Another interesting and perhaps surprising implication of the derived ratio is that the crowding out effect generated by government borrowing not only reduces funds to business in quantitative terms, but also reduces the effectiveness of Fed policy in a qualitative way. This can be seen by revisiting (15): IB/FED = E / (E -e FT/IB) As government borrowing increases in the financial market, the size of the financial sector relative to the real investment sector (FT/IB) also increases. This causes the denominator of the Investment Realization Ratio to increase, thus lowering the ratio. In other words, an increase in the size the financial sector relative to the real investment sector decreases IB/FED, which can be viewed as a measure of the effectiveness of monetary policy in stimulating business investment.
Conclusion
We have developed a ratio, called the "Investment Realization Ratio," that can be used to quantify the relationship between financial investment and business investment. Specifically, this ratio measures the percentage of financial investment that trickles down to real business investment. Thus, the ratio can be used to estimate the impact of the Federal Reserve's purchase of financial assets on real business investment, a key component of monetary policy. Using 2013 and 2014 data, we estimate the amount of business investment stimulated by QE3 under various investment elasticity assumptions. We find that the amount of business investment realized is only a fraction of the amount of bonds purchased by the Fed. However, the results are sensitive to the elasticity of business investment with respect to interest rate (E). If business investment is more sensitive to a change in interest rate, then the Investment Realization Ratio increases, indicating a greater impact on real investment.
